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ABSTRACT 

Project Shoal,  which took place at a locati   n near Fallen. 

Nevada on October Z6.   1%3 at 1000 PDT.   was an underground 

nuclear detonation conducted as a part cl the Vela program of 

the Department of Defense.     The Off-Site Radiological Safety 

Program of the  U.S.   Public Health Service's Southwestern Ra- 

diological Health Laboratory monitored the puhlic area sur- 

rounding the site and collected and analyzed several hundred 

water,   milk,   and air üssplti before and for several weeks after 

the event.    Analysis Of these samples indicated that the radio- 

acUve material from the Shoal event wai completely contained. 

During post-shot dfilling operations an intermittant release of 

gaseous material containing fresh fission products occurred, 

but was not detected en air samplers located in populated areas 

or in milk and water samples taken since that time. 
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IMTRODUCTION 

Project Shoal was 4 contained 12 kilaton nuclear explosion 

cöiwueted an a part of the Vula prograw of the Department of De- 

fense to improve the eapabiUty of detecting,  löcatjng,  and identi- 

fying underground nuclear de'onatlons.   The Shoal detonation took 

place 1200 feet Underground in granite at a location near F=uion, 

Nevada on October 26,   i%3. 

The Off-Site Radiolgieal Safety Program of the U.S.   Public 

Health Service's Southwestern Radiological Health Laboratory in 

Las Vega^i   Nevada conducted a program of off-site radiological 

surveiriance and safety for Project ShoaL    Authorization for this 

program was established by Memorandum of Understanding 

No,  SF 54 373 between the Atomic Energy Commission (AEC) 

and the Public Health Service (PHS).    Chapter 0524-05,   "Off-Site 

Rad Safety Operations" of the Standard Operating Procedure - 

Nevada Test Site QrganizaUon outlines in detail the  responsibilities 

of the PHS to the Nevada Test Site Orcamzation and the proce- 

dures to be used in fulfilling these responsibilities.    Briefly, 

these responsibilities were; 

1.,    Verify the off-site radiological situation associated with 



test activities to insure public safety.    For Project Shöal,   off-site 

was defined as extending from a radios of five mileg out to a dis- 

tance of (iffy miles from Giound Zero.    Should a release of radio- 

active material occur,  this area would be extended as far as nec- 

essary to properly evaluate the situation. 

2, Maintain a staff of trained personnel available to take 

emergency measures prescribed by the Atomic Energy Commis- 

sion,   should an unacceptable radi ■iogical situation develop. 

3, Obtain an adequate record of radioactive contaminants re- 

leased to the off-site area. 

4, Maintain public confidence that all reasonable safeguards 

are being employed to protect public health and property. 

5, Establish liaison with various local and state officials 

concerning radiological health within their administrative areas. 

6, Investigate reports of incidents attributed to radioactivity. 

7, Accumulate and process data to provide a basis for eval- 

uating cumulative radiation dose to people. 

The PHS began its pre-shot surveillance as eurly as July 1963, 

Air sampling stations were established at seven Locations in the 

area from which Z4-hour samples were taken dailv.    An extensive 

public relations program was eiiected before the event.    Lectures, 



dciiionstrations,   and movies -y^ere presented at Lions Clubg,   Ro- 

tary Clubs,   Veterans of Foreign Wars and  American Legion 

groups,   and at schools in the off-site area.    A close working re- 

lationship was established with news media in the Fallon,  Nevada 

area. 

Sampling and monitoring activities were intensified early in 

October,  and they reached a peak just before,  and for a few weeks 

after,   the detonation.    They were continued,  although at a less 

intense level,  throughout post-shot drilling operations.    Frequency 

and density of sampling was then gradually decreased with time to 

the date of this report (June 15,   1964),  wht;   seven air sampling 

stations are still in operation,   and milk and water are being col- 

lected routinely from a few off-site locations. 

Although the Shoal detonation did not lelease radioactive ma- 

terial to the off-site area,   and no radioactivity greater than nor- 

mal background levels was detected in this area during or after 

the re-entry drilling operations,   this report will describe the or- 

ganization,   methodology,   and instrumentation used and the cover* 

age provided by the program of off-site radiological surveillance. 



METHODOLOGY 

In general,   monitoring and sampling methods,   field proce- 

dures,   laboratory procedures,   and program coordination and 

control were similar 10 those previously  reported fur Off  Sitt 

Radiological Safety Program activitieSv    Hov/ever,   becaust 

Project Shoal was located at a site other than the Nevada   i e 

Site,   some special a rranecments were made. 

Two PHS personnel were as^ii_ru-d to the project officer fc 

^re-shot artivities.    They wefe responsible for establi isnine  AII 

äanipling  StatiunSi    selecting   iiiiik  and  water  golJection   poinf 

and conducting the preiiininary pubiie   relätiona work.     They were 

assisted in making road surveys in the area bv four PHS Reserve 

Corps Officers.     By September  10.   1963.   a total of twelvi 

Reaerve Officers were assigned in the Fallon area to Projes 1 

Shoal.     On the day of the ev« nt,   about forty-five PHb pt-rsonni 

w-re on duly at the C ^nirol Point and in int   areas ofj  &iti - 

A mobile Radioassav  Laboratory,   maintained by SWRHL as 

mm  1 afield counting laborat >rv,   v-'^s moved to Fallon to provid«   t« 

porary facilities close to the siti 



gross beta activity and for garmia spectromctry.     The PHS 

laboratories m Las Vegas provided technicians and facilities for 

all but preliminary analyses of air,  water,   and milk samples. 

They alsu processed and analyzed samples of water collected 

for Project Shoal by the D^ert Research Institute of the Univer- 

sity of Nevada. 

A whole body counter on a railroad flatcar,   designed and 

constructed by the Technical Operations Branch,   Division of Ra- 

diological Health,   PHS,  was moved to Fallen for support of 

Project Shoal.     There it was set Up with an ambulance car which 

housed electronics and preparation facilities.    The detector 

assembly consisted of two 1. 5 inch by 1.5 inch and one II inch 

by 4 inch NaI{Ti) crystals.     They were housed in an 8 foot by 

ß foot steel room having walls 6 inches thick composed of lam- 

in.ted steel plates.     The subject being counted lay on a steel- 

framed  bed  mounted on tracks  laid down the center  of the  roorru 

The  two small crystals were mounted on the bed to view the two 

lobes of the thyroid gland.     The large,   separately mounted 

crystal was placed in a standard position over the body mid-line. 

Technicians from 5WRHL calibrated this equipment for 

131 137 4 0 
determination of I        ,   Cs        ,   and K     .     The whole body counting 



activities were directed by a Medical Officer assigned from PHS 

headquarters in Washington,   D. C, 

PHS physicians were assigned to Fallen and were present 

before,  during and after the event.     Close contact between PHS 

doctors and local physicians was established and the medical 

a   pects of the testing program were discussed in detail. 

A U.S.   Army Veterinary Officer and a PHS veterinarian 

contacted local veterinarians and made trips to several of the 

ranches and farms in the area to discusü the program and to 

explain the veterinary services that would be available if a prob- 

lem should develop. 

Field Procedures 

The basic working unit for radiation monitoring and environ- 

mental sampling for Project Shoal was the one- or two-man 

mobile monitoring team equipped with various surve-   instruments, 

sampling apparatus,  tods,  and supplies.    These teams worked 

from radio-equipped pickup trucks w^hich served as mobile 

stations in a comrnunications network through which they were 

in constant radio contact with directive personnel at the Shoal 

Control Point and the laboratory staff at tht  Fallon headouart« rs. 



Before the Shoal "D" Day,   these monitoring teams placed 

numbered location signs on dirt roads throughout the areas down- 

wind of Ground Zero to the east and southeast for monitoring 

reference points.     They also took dose  rate readings in the 

off-site areas to determine pre-shot radiation background. 

The pre-shot dose rate surveys,   as well as post-shot surveys, 

were made by the standard monitoring procedure vvherc the detec- 

tor or probe is held thn e feet above ground level at a reasonable 

distance from any heavily contaminated or radioactive artifact. 

The location and time,   as well as the magnitude of each dose 

rate measurement,   are  recorded on a monitoring log,   on which 

is also recorded the survey instrument and vehicle numbers. 

On the day of the Shoal detonation,   the ground momtoring 

teams carried portable gasoline generators and extra sampling 

gear with which the activated sampling network could be supple- 

mented if necessary.     After  the event,   it was  these teams who 

collected  samples,   exchanged film  badues,   end  maintained  the 

sampling network ^hrouizhout post-shot drilling operations. 

On D-dav the mobile ground monitors were assisted by an 

aerial monitoring team in a  Public Health Service r«4r5 aircrait. 



This crew and stand-by crews had made st-vi-ral flights over the 

Shoal site and ihv arias off site cm D rnmus  I  to orien« themselves 

and to become familiar with the area as viewed irom the air.    If 

a release of radioactive material had occurred,   this team would 

have monitored and tracked the  resulting ''cloud5' from the air, 

radioing information as to cloud position,   size,   and direction and 

rate of travel to directive personnel at the Control Point.    Mobile 

ground teams would then be more accurately positioned to measure 

the dose rate three feet shove ground produced by passage of the 

cloud or by deposition of material from it. 

Instrumentation 

Four types of survey instruments were earned by ground 

monitoring teams enabling them to monitor dose  rates from back- 

ground levels of approximately 0.02 milliroentgens per hour up 

to   200 miiliroentgens per hour from beia plu:- gamnia  radiation, 

or up to 50 roentgens per hour from gamma radiation alone. 

These were the Precision Model 111 Standard "ScintiUator" which 

has an external probe containing a sodium iodide crystal detc. - 

tor.  the Eberline E-500B Geige- detector with external probe and 

beta shield,   the Bcekman Model MX-5 Geiger detector having a 

probe similar to the E-S00D.   and the Tracerlab AN/PDR TIB 

H 



ionization chamber detector.    Dose rates detected by these survey 

instruments can be read to two significant figures. 

These same survey instruments were carried by the aerial 

monitoring team along with the Portable Aerial Survey Meter 

SBL-2 manufactured by EdgertOA,   Germeshausen,   and Grier,   Inc. 

The SBL-Z consists of a transistorized,   battery operated,  port- 

able scintillation detector and recorder*    It can be used for either 

ground or aerial surveys under a variety of environmental con- 

ditions,   and is sensitive to dose rates from 0. 2 to 2000 milli- 

roentgens per hour, 

DuPont type 5>56 film badge dosimeters were u^ed for Project 

Shoal surveillance.     These badges contain a  low range film com- 

ponent,   number 508,   sensitive to exposures of 0.03 to 5,0 roent- 

gens,   and a high range component,   number 83t,   sensitive to ex- 

posures of 3.0 to 1000 roenteens.     The sensitivity range of the 

dosimeter is thus  30 mr to 1000 R,     For Pröjetl Shoal,   the badges 

were  supplied and read by the KadiaUon Safety Department of 

Reynolds Electrical and Engineering Company,   Inc. 

Air sampling apparatuH consisted of Staples Company or  Gen- 

eral Metal Works high volume air samplers.     Airborne particulate 
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niattfla! was collot tt*d on Goinian   lypc   E jiiass fib« r filters which 

arc dcsignod itj h.ivn a collection efficiency of 99,6% for particles 

greater than 0*25 microns in diameters   and 98% for 0.05 micron 

particles.    The 8 inch by 10 inch filters were held in commer- 

cifcily available heads which provided an effective sampling area 

of 63 square inches.    Flow rates of 50 to 60 cubic feet per minute 

were obtained with the filter in place. 

The throat of the motor housing of each sampler was ma- 

chined to accept a  3-1/4 inch diameter activated charcoal cart- 

ridge made by Mine Safety Appliances Company,     With the cart- 

ridge in place behind the glass fiber filter,   air flow rates ox 

approximately 20 to 30 cubic feet per minute were obtained. 

Actual flow rate for each aarnple was determined from rotameter 

readings taken at the beginning and end of the sampling period. 

One gallon samples of milk and of water were collected lor 

analysis.     The polyethylene collection bottles were also used lor 

snipping  samples   to  the  laboratory  in order  tO   reduce  the  possi- 

bility of contaminating  them during  transfer trom one  container 

tO another. 

L0 



Laboratory Procedures 

Gross beta activity of the airborne particulate material col- 

lected on glass fiber filters was determined by counting the filter 

in a large area gas flow proportional probe connected to a high 

speed sealer.    A counting eificiency (counts per disintegration) 

of approximately thirty percent was obtained with this system, 

based on a strontium-yttriurn-90 standard.    Charcoal cartridges 

were examined for gamma-emitter activity by gamma pulse 

height analysis,   using a heavily shielded 4 inch by 4 inch Nal(Tl) 

crystal detector coupled to a multi-channel analyser.    The 

charcoal cartridge,   sealed m £ thin plastic bag,  was centered on 

the crystal to give a eonitant geometry.    Using a peak width of 

90 kev,   a counting efficiency o.  1Z% for the 0. 36 Mev photopeak 

of I was  abtained. 

Standard procedure calls for submitting filter samples with 

high gross beta activity to gamma spectrum analysis.    The 

8 inch by 1 0 inch filter is folded m eighths and placed on the 

sodium iodide detector to approximate the geumetry of the 

charcoal rartndges. 

Water and milk samples were analyzed for gamma emitting 

isotopes in the  same crystal -   spectrorneter  system aseri for air 



samples.    One-gallon samples were sc-Jimed rn inverted wrU 

beakers placed over the crystal.     Ii sample volume was too small 

to permit this geometry,   a 400 milliliter aliquot was placed in a 

plastic  "cottage cheese tub'-  containrr and centered on the crystal. 

1    1 
Detection efficiencies for the 0. Jb Mev photopeak of I were 

approximately 6. 5% in the beaker and 7. Zfn in the cheese tub con- 

figuration. 

Samples collected during the detonation and  re-entry opera- 

tions of Project Shoal were counted in the mobUe Radioassay 

Laboratory in Fallon as soon after collection as poagjble.    In 

this way the presence of any unusual activity could be detected, 

and action could be taken immediately.    After the initial counts 

were made,   the samples were sent to the  Las Vegas  Laboratory 

for further counting and analysis.    Samples collected during 

non-operational periods were sent directly to the main laboratory 

of SWRHL. 

At the Las  Vegas laboratory,   cross beta activity on air filter 

samples was determined five days after collection to allow lor 

decay of natural radioactivity.     They were again counted twelve 

-12 
days ?fter collection,   and the usual t " extrapolation v/as  made 

to correct activity counted to activity at the end of the collection 

iZ 



pf rlud, 

Milk sampios were analyzed radicichemicaliy to determine 

the conceritration of strontium-89.   ströntium-90,   and stable 

calcium.     Total strontium was chemically isolated and counted 

in a low background beta counter,   as was the yttrium daughter o! 

strontiurn-90,    Strortium-89 was determined by the difference 

between total strontium and ItfOIitilltYl-^O,   as calculated irorn 

the  equilibrium  value  C.f its  yttrium-9Ü däUshter^      Detertiun 

efficiency for struntium-9ü and yttrium-90 was approximately 

35%. 

Water samples were filtered throusih Whatman No,  42 filter 

paper to separate suspended and dissolved solids.    Each fraetiun, 

after being transferred to a planchet and dried by appropriate 

means,   was counted for gross alpha and for gross beta activity* 

Gamma-ernittino  Isotopes  detected  qualitatively in  the  spec- 

tral   scan were quantJlalr-d  by the   lat  oratory's   standard  matrix 

method which corrects  for mutual interference between isotopes. 

If short-liveii isotopes are detected for which standards cannot be 

obtained,   i quantitative  estimate  can  be  made  by  scannine the 

samples several times to obtain the decay patterns of various 

13 



regions of the spec trum.     When neither method is applicable, 

the routine procedure involves smoothing the spectrum under 

each photopeak and subtracting this portion from total peak 

activity as a gross approximation of the contribution from 

background and scattering. 

H 



RESULTS 

Monitoring 

Seventeen ground monitoring teams took periodic readings 

from the time of detonation to iate in the afternoon on the day of 

the event.    No readings above background were obtained.     Aerial 

monitoring was performed from several hours before detonation 

until sundown.    The PHS aerial monitoring team obtained no read- 

ings above background. 

Dosimetry 
n       ■ 

No exposures greater than the detection limit of  30 mr were 

read on the persounei and station film badges.    The whole body 

counter,   us^d m support cf Project Shoal,   tested fori.-one suL^ 

lects,   including ail PHS monitors,   from October 21,   1963 until 

December 5.   1963.    lodme-lil was not detected in any subject. 

Sampling 

All glass fiber filters from air samplers were at background 

levels during and after the event,     Th^ charcoal cartridges from 

air samplers were analysed for gamma emitters and no fresh fis- 

sion products were found,    Analvse?  of milk and water samples 

««Hpf-tgH ^inc^ the evee* have  given no indication of the presence 

15 



POST-SHOT DRILLING OPERATIONS 

During /n-drilling operations on December  10,   small 

amounts  of gaseous  material  containing  fresh  fission products 

were   released  into  the  atmosphere.      This   release continued  int-r- 

mittently through Deccrnber  19.     No fresh fission products were 

found on fiLers or charcoal cartridges take!! from air samplers 

at off-site sampling locations.     Milk and water samples taken 

sinee the release have been analyzed and founr' to contain nc 

fresh fission products. 

CONCLUSION 

Because the Shoal detonation w-.s completely contained,   and 

because the release of fission products during post-shot opera- 

tions was not detected off-äite,   it is concluded that there was no 

health hazard to the off-site population due to Project Shoal. 

16 
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Table I.    Samples taken for Froje^t Shoal. 

AIR WATER MILK 
!»C£!in        fclnd      Pre*  Post     Pre- Post SURVEILLANCE 

IvOCATlON i 1963)     (1464)   Shot    Shot    Shot    Shot 

Film Badge 
Station 

E x po s u r e s 

Alpine Ranch 

Austin 10/21 

Brown Station 

;arroll Station 

1 

2 

Dixie Valley i 2 

Fallon 07/09 I 4 

Frenchman Sta. 07/10 -- - 1 

Gabbs 07/23 . = . 5 5 

Havrthorne 1 2 

riot Springs 2. 1 

lone 2 1 

Lovelock 10/21 =   ai   = i 

2 

4 

Luning 

Middlegate 

niiJi       n i / ä i 

09/12      01/31      2 

Nev.Scheehte Mine    07/24 

Peavine Ranch 

RtO.   Inc.   Ranch 

Schurz 07/09 

6       ll 

2 1 

3 4 

Scyler Reservoir 

Smith Creek Ranch 

Stillwater 

i 1 

2 1 2 1 

i 1 1 3 

NOTE: rates sampling stations still in operation. 
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LIST OF AlkTlEmTlQKS FOR TECHNICAL AQSNC2ES 

m Ltd. 

SG4C 

FAA 

OBO-TECH 

GXMRADA 

f Inc. 

LPI 

B&rrlnger R«S6«reh Llslted 
Raxrial«, Ontario, Canada 

Ediert«n, Crenaeahausen & Grier, Inc. 
Boston, Massachusetts 
La» V«ga«, Nevada 
Stota Bart^ara, Califoraia 

Federal Aviation Agency 
Lea Angeles, Calif02*nia 

Geo Technical Corporation 
Garland, Texas 

U. S. Arn^y Geodesy, Intslligence and Mapping Rseearch 
and Development Agency 
Fort Belvoir, Virginia 

HA£let<»v-Nuelear Science Corporation 
Palo Alto, California 

HcLses &  Kartrer, Inc. 
Los Armeies, California 
Las Vegas, Hevada 

Isotopesr Inc. 
Westwood, New Jersey 

ITEK Corporation 
Palo Alto, California 

Lucius Pitkin, Inc. 
New York, New York 

Nevada Bureau of Mines 
University of Nevada, Reno, Nevada 

U. S. Naval Radiological Defense Laboratory 
San Francisco^ California 

Reynolds Electrical & Engineering Co., Inc. 
Las Vegas, Nev&da 

Sandia Corporation 
Albuquerque, New MexicQ 

Stanford Research Institute 
Mes.-lo Park, Califn^^ 



RFB, Inc.      R. f.  Beers, Inc. 
Ale3c*ndri», Va, 

STL Space Technology Laboratori*«, Inc. 
Redondo Beach Park, CaMfomi« 

TI Tstaa InetrmBents, Inc. 
Dallas, Texas 

mm U. S, Bureau of Mines 
Washington, 25, 0. C 

ieS4-PRC       U. S. Bureau of Mines 
Bartlesville Petroleu» Research Center 
Bartlesville, Oidahaßa 

USC&üS        U. S. Coast and Geodetic SurYey 
Las Vegas, Nevada 

USGS 8* S. Geologic Survey 
Denver, Colorado 

USPHS        U. S. Public Health Service 
Las Vegas, Nevada 

\iSm U. S. Weather B»ireau 
Las Vegas, Nevada 

r? 


